The major surface antigen of Renibacterium salmoninarum, p57, is associated with cell autoagglutination and imphcated as a virulence factor in fish infections. An autoagglutinating strain, JD24, caused 92% mortality when 2 X lo7 cells were injected intraperitoneally into rainbow trout Oncorhynchus mykiss, while a non-agglutinating strain, MT 239, produced only 7 % mortality after 100 d. The p57 antigen was present in the supernates of broth cultures of both strains when examined by western immunoblotting, and the gene for p57 was detected in both strains by PCR. Electron microscopy of cryopreserved thin sections showed an amorphous layer associated with the cell surface of JD24 which was not seen with MT 239. While p57 from JD24 could reassociate with cells of both strains, p57 from MT 239 failed to restore haemagglutination activity to either strain. Biotinylation of bacterial surfaces demonstrated the presence of a carbohydrate component of p57 from JD24 which was absent from the p57 produced by MT 239. The higher virulence of JD24 may depend not only on the production of p57, but also its direct association with the bacterial cell surface.
INTRODUCTION
Renibactenum salmoninarum, the causative agent of bacterial kidney disease of salmonid fish, has a 57 kDa protein major surface antigen (Getchell et al. 1985) which is the immunodominant target for antibodies produced in both fish and rabbits (Bruno & Mumo 1986) . Monoclonal antibody analysis by Weins & Kaattari (1989) divided the p57 protein into 3 parts: an immunoreactive, agglutinating functional region at the amino terminal end, a region associated with the bacterial cell surface and an intermediate region. Since the p57 protein is on the bacterial surface and present in considerable quantity, its morphology and organization are of interest. No organised surface array has been detected in electron micrographs of R. salmoninarum. However, Dubrueil et al. (1990a) demonstrated a capsule around the cell with ruthidium red staining 'Addressee for correspondence. E-mail: rstevens@micro.uoguelph.ca for electron microscopy. They suggested it was composed of the polysaccharide described by Fiedler & Draxl (1986) , but did not confirm the result chemically. Firnbrae were observed on the surface of R. salmoninarum (Dubrueil et al. 1990b ) and, on the basis of immunogold staining with a polyclonal antiserum, it was suggested that these structures were composed of p57.
Functionally, p57 has been implicated in a variety of agglutination activities, including reactions with rabbit red blood cells (Daly & Stevenson 1987) , leukocytes (Weins & Kaattari 1991), salmonid sperm (Daly & Stevenson 1989) and in autoagglutination (Bruno 1988) . The presence of p57 on the surface of the bacterial cell can be demonstrated relatively easily using rabbit red blood cell agglutination, or by observing autoagglutination of the bacterial cells in culture. The p57 protein can be extracted from the surface of bacterial cells by washing with distilled water, which is naturally acidic (Daly & Stevenson 1987) , or with saline (Bruno 1990) . The p57 extracted with acidic water will also re-assemble on the surface of stripped cells and restore haemagglutinating activity (Daly & Stevenson 1990) .
The p57 antigen on the surface of Renibacterium salmoninarum can also be depleted by incubating cells at 37°C for 10 h (Wood & Kaattari 1996) . This procedure, which would render the cells non-viable, is thought to activate endogenous serine protease activity (Rockey et al. 1990 ). Serine protease activity responsible for degradation of the p57 into its characteristic products was associated with a protein of 100 kDa (Rockey et al. 1990 ). However, Barton et al. (1997) have suggested that p57 itself is an autologous serine protease, responsible for the breakdown of p57 with increased temperature or incubation time (Griffiths & Lynch 1991) .
The p57 protein has been implicated as a major virulence factor for the bacterium; however, its exact role in virulence remains unclear. While most strains of Renibacterium salmoninanun produce p57, Bruno (1986) identified laboratory attenuated strains which were non-autoagglutinating and which did not agglutinate rabbit red blood cells (Bruno 1988) . These strains were also less likely to cause mortalities in Atlantic salmon. One of these strains, MT 239, was used in the present study and was compared with an autoagglutinating strain designated JD24 (Daly & Stevenson 1989) .
The p57 antigen remains circulating in the serum of the fish after infection, and in vitro assays have shown that p57 suppresses the humoral response in fish (Turaga et al. 1987) . When fish were immunised with formalin-killed cells that had been stripped of p57 by incubation at 37"C, the antibody titres were 20-fold higher than those of fish immunised with formalinkilled cells with p57 (Wood & Kaattari 1996) . The p57 protein may act as an immunosuppressant in fish, as part of the pathogenesis strategy of Renibacten'um salmoninarum. Coho salmon Oncorh ynchus kisutch that were injected with p57 as eggs before fertilization were subsequently more susceptible to R. salmoninarum and also produced lower antibody levels against p57 (Brown et al. 1996) . Non-agglutinating strains such as MT 239 provide an opportunity to examine the contribution made by p57 to in vivo infection and disease processes. This study compares 2 strains of R. salmoninarum, and demonstrates that the non-agglutinating strain, while retaining its avirulent nature, still produces a p57 protein that is secreted into the medium.
METHODS AND MATERIALS
Strains and growth. The 2 strains of Renibacterium salmoninarum studied were JD24, an autoagglutinating strain isolated from Ontario coho salmon (Daly & Stevenson 1989) , and MT 239, a non-agglutinating strain originally isolated from Atlantic salmon (Bruno 1986 ). The strains were differentiated by their ability to haemagglutinate rabbit red blood cells (RRBC) (Daly & Stevenson 1987) . When 25 p1 of a thick bacterial suspension in phosphate buffered saline (PBS) was mixed on a glass slide with 25 p1 of 3% (v/v) RRBC, JD24 produced haemagglutination while MT 239 did not.
Cultures were grown at 15°C on KDM-C agar (Daly & Stevenson 1985) , or in PYC broth containing 1% peptone, 1 % yeast extract and 0.1 % L-cysteine-HC1, final pH 6.8 (Daly & Stevenson 1993) . Cultures were grown from aliquots of cells collected during exponential phase growth and stored frozen in glycerol at -70°C. This stock was mixed with 50 rnl of medium, and incubated for 1 wk at 15°C with shaking. This was used in growth studies, to inoculate 2 l flasks containing 1 1 of PYC broth to an initial optical density of ODsoo nm = 0.1. Flasks were put in an Inova 4000 incubator shaker (New Brunswick Scientific) at 15°C and 175 rpm, and samples were taken every 24 h and examined for optical density in a Philips PU8620 spectrophotometer at 600 nm with a path length of 1 cm. To avoid deviations from the Beer-Lambert Law, cells were diluted to an OD6O0 nm of less than 1.0 but greater than 0.01 and the dilution factor was used in calculating reported values. A standard curve of optical density to cell numbers by haemocytometer counts was prepared, with an ODsW nm of 1.0 being equivalent to 108 cells.
Fish challenges. All animal experiments were conducted in accordance with the Guidelines of the Canadian Council for Animal Care. Rainbow trout Oncorhynchus mykiss were obtained from specific pathogen-free stocks of the Alma Aquaculture Research Station, University of Guelph, or Rainbow Springs Trout Farm, Thamesford, Ontario. Fish used in infection studies were between 50 and 100 g (fork length 5 to 10 cm) and were maintained in 55 1 tanks supplied with flowing well water at 12 to 14°C and fed commercial fish food. Effluent water was disinfected by chlorination before release. For immunisation and bleeding procedures, fish were anaesthetised with 0.015 % (w/v) 3-aminobenzoic acid ethyl ester (MS 222, Sigma) .
The fish were challenged with PYC-broth-grown cultures, either by intraperitoneal injection or by immersion. For each of the 2 bacterial strains used, and for each of the challenge routes, 4 groups of 25 fish were held in different tanks. For the intraperitoneal injection challenge, each fish was injected with 0.2 m1 of the bacterial strain, at a culture ODsO0 of 1.0, equivalent to a dose of 2 X 107 cells. with PBS containing 0.005 % Tween 20 and then incubated at 20°C for 1 h in coating buffer with 5 % (w/v) skim milk powder added. After 3 rinses with Tween 20-PBS, the test sera were added to the plates. Each of the samples was tested in triplicate, and tested as full strength serum and at 2-fold and 4-fold dilutions in PBS. Plates were incubated at 37°C for 2 h then washed with Tween 20-PBS 3 times. Rabbit antiserum against trout immunoglobulin was used at 1:100 dilution and incubated for 1 h at 37°C before washing. Goat anti-rabbit-immunoglobulin conjugated to horseradish peroxidase was added at a dilution of 1:2000, incubated at 37°C for 1 h and then the plates were washed. A developing solution of p-nitrophenol (1 mg ml-' W/V) dissolved in 0.1 M diethanolamine, 0.4 mM MgC12.6H20. Plates were developed for 15 min and read on a Titretek Multiscan ELISA reader at 405 nm. Normal trout serum was used as the negative control and trout anti-R. salmoninarum serum as a positive control. Acid-water extraction of p57 from JD24 cells. Bacteria were collected by centrifugation from broth cultures that had reached an OD6* , , , of 1.0 or greater.
The 15 m1 samples were harvested after centrifuging for 10 min at 800 X g in an NH S11 swinging bucket centrifuge (Danon, USA), while 1.5 m1 samples were pelleted after 30 s in an Eppendorf microfuge at 12 000 X g.
Cell pellets were washed twice in 0.15 M NaC1, then 3 times with sterile double-distilled H20 (ddH20), with a natural pH of 5.5. The water washes were pooled, passed through a 45 pm membrane filter (Millipore) and lyophilised before storing at 15°C. SDS-PAGE and western immunoblotting. SDS-polyacrylamide gel electrophoresis of whole cells and culture supernates used 12 % (w/v) acrylamide resolving gels and 4 % (w/v) acrylamide stacking gels, as described by Laemmli (1970) . Gels were electroblotted onto nitrocellulose (Gelman) at 120 V constant voltage for 1 h using a BioRad MiniTransBlot Cell and the nitrocellulose was blocked with 5 % (w/v) skim milk in PBS at 37°C for 1 h. Rabbit antiserum (see below) was added at a dilution of 1 5 0 in skim milk-PBS. The blots were incubated for 2 h at 37°C in a sealed bag, washed, and then incubated with goat anti-rabbit immunoglobulin-alkaline phosphatase conjugate, diluted to 1:2000, and incubated for 1 h at 37°C. The blots were developed in 100 m1 of carbonate buffer (0.1 M NaHC03, 1.0 mM MgC12, pH adjusted to 9.8 with NaOH) by adding 1 m1 of BioRad NBT (p-nitro blue tetrozolium chloride) (30 mg in 70 % N,N-dimethylformamide) and 1 m1 of BCIP (5-bromo-4-chloro-3-indolyl phosphate p-toluidine salt) (15 mg in 100% N,N-dimethylformamide).
Rabbit antiserurn used for immunoblots was raised according to the protocols of Daly & Stevenson (1987) , against whole cells of either JD24 or MT 239, or against purified p57. As cells of Renibacterium salmoninarum autoagglutinate, antisera titres were determined by immunodot blot reactions. Doubling dilutions of a bacterial suspension (5 X 10' cells ml-') were spotted in 3 p1 volumes onto nitrocellulose and air-dried. The nitrocellulose was blocked, allowed to react with 1:50 dilutions of the antisera for 2 h at 37OC, and then developed as described for the irnmunoblots.
Reassociation of p51 to the bacterial cell surface. p57 was re-adsorbed onto the bacterial cell surface of MT 239 by the method of Daly & Stevenson (1990) . A 3 mg sample of lyophilised acid-water-extracted p57 was rehydrated in 1 m1 of ddH 20 and 0.5 m1 of this was mixed with 1 m1 of MT 239 cells or washed JD24 cells at an OD600 , , , of 7.5. The mixture was put in sterile dialysis tubing with a molecular mass exclusion of 10000 to 12 000 and dialysed overnight at 4°C against saline. The cells were then washed with saline and tested for their ability to haemagglutinate RRBC and to autoagglutinate. Biotii labelling of Renibacterium salmoninarum. PYC-grown cells were harvested at an OD600 of 4.0, corresponding to approximately 8 d in culture. To label surface proteins, 1 m1 of PBS-washed cells, resuspended to an OD6,, of 1 .O, was put into a Falcon tissue culture tube with 4 p1 of 25 mg ml-' N-hydroxysuccinamide biotin (NHS-Biotin) in dimethylsulfoxide at 4°C for 10 min. To label any surface-exposed carbohydrates, a second 1 rnl of cells was aliquoted into a tube containing 10 mM sodium periodate and incubated at 4°C for 30 min in the dark. The cells were washed and resuspended in a pH 5.5 sodium acetate buffer containing 150 mM NaC1, then 8 p1 of a 25 mg ml-' stock solution of biotinamididocapryol hydrazide (N = NBiotin) in ddH20 was added and the cells incubated at 4°C for 30 min in the dark. Finally, the cells from both treatments were washed 3 times in PBS and suspended in 50 pl of PBS mixed with 50 p1 of SDS-PAGE sample buffer. After boiling, the samples were run on SDS-PAGE gels and blotted onto nitrocellulose as described above.
The blots were blocked by incubation for 1 h at 20°C in 1 % skim milk-PBS, then probed with streptavidin conjugated to horseradish peroxidase, diluted 1:400 from a stock solution in 1 % skim milk-PBS, for 20 rnin at 20°C. The blots were washed 3 times for 10 min in PBS with 0.005 % Tween 20. A developing solution was made by mixing 50 mg 3,3" -diaminobenzidine (Sigma) with 50 m1 skim milk-PBS, and 30 mg of cobalt chloride in skim milk-PBS. This solution was mixed for 1 min before the addition of 1 m1 of 30% H202. This whole solution was added to the blot and left until a blue colour developed. Finally, blots were washed in ddH20 and allowed to air dry. Two-dimensional gel electrophoresis was performed using the methods described by Anderson & Anderson (1978a,b) .
Polymerase chain reaction. The polymerase chain reaction (PCR) was a variation of the protocol described by Brown et al. (1994) . Renibactedum salmoninarum was suspended to an ODGOOnm of 1.0 in sterile buffer (10 mM Tris-HC1, 1 mM sodium-EDTA, 0.35 M sucrose) and a 200 pl volume was incubated for 30 min at 25'C in the presence of 2% SDS. In the organic extraction, samples were first mixed 1:l with phenol, centrifuged in an Eppendorf microcentrifuge at 12 000 X g for 10 min, and the aqueous phase collected. Second, this phase was then mixed with 25:24:1 phenol:chloroform:isoamylalcohol and the aqueous phase again collected. The third extraction was with 24:l chloroform:isoamylalcohol, and the final aqueous phase was precipitated with absolute ethanol at -20°C.
The primers Rsl and Rs2, which amplify a 501 basepair (bp) region of the gene encoding p57, were described by Brown et al. (1994) and were synthesized by the Laboratory Services Division, University of Guelph. The PCR assay was conducted under the following conditions: 1 mM Tris-HC1,5 mM KC1,O. 15 mM MgC12, 0.1 mM dNTP, 2.0 U Taq DNA polymerase (Boehringer Mannheim), 10 p1 template DNA, either 50 pm01 or 100 pm01 primers Rsl and Rs2, and ddHzO to 50 pl. Samples were denatured for 1 min at 94"C, annealed for 1 min at 48'C and extended for 2 min at 72°C. The cycle was repeated 30 times. Samples of 10 p1 were run through a 2% agarose gel and, after staining with ethidium bromide, were examined for bands of 500 bp.
Electron microscopy. Samples for conventional embedding of Renibacterium salmoninarum strains JD24 and MT 239 were grown in PYC broth culture for 8 d before washing with PBS and fixing in 2% (w/v) formaldehyde from paraformaldehyde and 2.5 % glutaraldehyde (v/v). Samples were embedded in Epon 812 before sectioning on a Reichert Ultracut E ultramicrotome. Frozen sections were prepared by fixation in 2.5% glutaraldehyde, followed by plunge freezing into liquid nitrogen, and sectioning at -196°C. All samples were viewed in a Philips EM300 transmission electron microscope (TEM) at an accelerating voltage of 60 kV under standard conditions with a liquid nitrogen cold trap in place.
hotease activity assay. Samples were taken from actively growing PYC broth cultures every 24 h from inoculation to the end of exponential growth and centrifuged to collect the culture supernate. Protease activity was measured using azoalbumin subtrate, following a modification of the assay of Tomarelli et al. (1949) . Azoalbumin was dissolved in 0.01 M sodium phosphate buffer, pH 7.2, to a final concentration of 25 mg ml-l. A 1 m1 volume of this substrate solution was added to each 1 m1 sample of culture supernatant fluid, mixed and incubated for 90 min at 37°C. To stop the reaction, 8 m1 of 5% (w/v) trichloracetic acid was added to each tube. The samples were then centrifuged in an IEC bucket centrifuge at 800 X g for 5 min. A 5 m1 volume of the reaction supernatant fluid was removed and mixed with 5 m1 of 0.5 N NaOH, and the adsorbance read immediately using a Philips PU8620 spectrophotometer set at 440 nm. An activity unit is defined as the amount of proteolytic activity in a 1 m1 sample required to generate an absorbance change of 1.0 in 90 min at 37'C. Substrate solution was mixed 1:l with PYC to serve as blanks for the reactions. For comparison, a positive proteolytic reaction was obtained with extracellular products collected from an overnight culture of Aeromonas salmonicida.
RESULTS

Virulence of strains JD24 and MT 239
In the intraperitoneal injection challenge, 92 % of the rainbow trout infected with Renibactedum salmoninarum strain JD24 died between Days 6 and 46 with the peak of mortalities at Day 34 (Fig. 1) . In contrast, 7 % of the fish injected with strain MT 239 died. Control fish injected with sterile PBS had a mortality of 12%. When the experiment was terminated after 100 d, none of the remaining fish inoculated with MT 239 nor the control fish showed evidence of R. salmoninarum when kidney tissue smears were examined by IFAT. Of the 8 remaining JD24-inoculated fish, 2 were IFATpositive. When fish were exposed to strains JD24 and MT 239 in a water-borne challenge, there was no mortality, but 72 % of the JD24-exposed fish and 32 % of the MT 239-exposed fish had IFAT-positive kidney tissues when tested after 100 d (Table 1) . Serum samples taken from the fish showed a high level of seroconversion in both groups, testing against the homologous challenge strain in each case (Table 1) .
Days post-infection
Rabbit antisera reactions with strains
Fluorescent bacterial cells were visible by IFAT when rabbit antisera raised against formalin-killed whole cells of JD24, cells of MT 239, or collected p57 antigen were reacted with both the homologous and heterologous strains. Preimmune sera did not give a fluorescent reaction. The dot-blot dilution procedure used to compare the reactivity of the sera in place of agglutination titres indicated that antiserum raised against JD24 cells detected 1.25 X 104 cells of JD24, 108 cells of MT 239, and less than 7 ng of purified p57. Antiserum raised against MT 239 cells detected 108 cells of MT 239, as few as 5 X 104 cells of JD24, and did not react with p57 protein. Washed JD24 cells reacted only very weakly with any of the antisera.
Growth and production of p57
When grown in PYC broth with shaking, both strains had similar patterns of growth. The doubling times of 40.6 + 7.5 h for JD24 and 34.6 i 4.0 h for MT 239
were not significantly different by the Student's t-test (p = 0.05).
When p57 was acid-water-extracted from cells of strain JD24, the lyophilised product constituted 5% of the dry weight of the cells. The same extraction and lyophilisation steps performed on MT 239 cells did not produce measurable quantities of extracted material. Immunoblots of bacterial cells showed very little immunoreactive material associated with the cells of strain MT 239, regardless of Table 1 . Number of positive fish (percentages given in parentheses) in IFAT on the age of the culture (Fig. 2a) . This is in kidney tissues and serum ELISA reactions of rainbow trout Oncorhynchus mykiss, 100 d after immersion challenges with Renibacterium salmoninarum strains JD24 and MT 239. Rainbow trout of 100 g were challenged by a 2 h water-exposure to either strain JD24 or strain MT 239, which were added to 20 1 of water in each replicate tank at final concentrations of 2.5 X 107 cells rnl-'. Kidney and serum samples were collected after the fish were held for 100 d at 12°C. Kidney tissue smears were tested with anti-JD24 whole-cell antisera and FITC-conjugated goat-anti-rabbit immunoglobulin serum. Fish were scored positive if 1 or more bacterial cells were observed by IFAT in 50 microscope fields. Indirect ELISA tested on samples of fish sera for fish immunoglobulii reactive with 107 bacterial cells well-', testing against the corresponding challenge strain. Sera were scored positive if the average reading from triplicate samples was higher than the normal trout serum control reaction When the culture media from these cells were examined by immunoblots, p57 and its products were detected in both the MT 239 and the JD24 supernates (Fig. 2b) . Examination of bacterial cells by PCR, using primers for the p57 gene, detected a band in the region of 500 bp on agarose gels for both MT 239 and JD24.
Surface association of p57
After MT 239 cells were allowed to reconstitute with p57 protein that had been acid-water-eluted from JD24, the dialysed MT 239 cells were able to haemagglutinate RRBC. Although the supernates of MT 239 broth cultures contained p57 ( Fig. 2b) , that material could not restore haemaggluti-JD24 cells (Fig. 4c) , but was lacking from MT 239 nation to acid-water-extracted cells of JD24 or cause cells (Fig. 4d) . MT 239 cells to haemagglutinate. In contrast, when culture supernates from JD24 cultures were added to acidwater-washed JD24 cells or to MT 239 cells, haemagProtease activity of Renibacterium salmoninarum glutination was reconstituted in both cases.
In the first days after inoculation, medium from broth cultures of JD24 and MT 239 had low levels of protease Biotin labelling of the cell surface activity (0.02 activity units) (Fig. 5) . When JD24 entered the stationary phase, about 13 d after inoculation, proAfter cells of JD24 were labelled with NHS-biotin, a tease activity in the supernatant medium increased to series of bands corresponding in position to p57 and its 4.5 times the exponential phase activity (0.09 activity breakdown products could be detected in SDS-PAGE units). The activity remained high until the experiment gels. (Fig. 3, lane 1) . When JD24 cells were labelled with N = N-Biotin, a band with molecular weight of 57 kDa was visible on streptavidin blots (Fig. 3, lane 2 With strain JD24, this carbohydrate and protein band was visible regardless of culture age, although it was more apparent in 8 d cultures (Fig. 3, lanes 5 and 6) . A 57 variety of sizes of immunoreactive proteins were still evident in immunoblots after biotin treatment of the probes showed little reactivity when young cultures (2 d) were tested (Fig. 3, lanes 3 and 4) . Protein bands were evident in older cultures (8 d) (Fig. 3, lane ? ), but sample. MT 239 cells labelled with both of the biotin 35 % no carbohydrate labelling was seen (Fig. 3, lane 8) . Again, immunoblots confirmed that biotin treatments had not affected cell surface immunogenicity.
Morphology of the cell surface
Electron microscopy with conventional fixation of JD24 (Fig. 4a ) and MT 239 (Fig. 4b) show a characteristic Gram-positive bacterial cell. However, in cryosections, a large amorphous layer was evident around was ended on Day 23. Strain MT 239 had a similar growth pattern as JD24, but the extracellular protease activity levels did not rise above 0.06 activity units (Fig. 5 ).
DISCUSSION
For rainbow trout challenged intraperitoneally, MT 239 was less virulent than the autoagglutinating strain JD24, consistent with the demonstration by Bruno (1986) that autoagglutinating strains injected by this route were more likely to cause death of Atlantic salmon Salmo salar than non-agglutinating strains. Macrophages are active in the peritoneal cavity, and MT 239 appears to be cleared effectively from most of the fish, while JD24 survives, infects, and kills fish. The strains had equivalent exponential growth rates during exponential growth in vitro, justifying a focus on the cell surface to explain virulence differences. However, the relationship between the major surface antigen and virulence is not a simple story. Following a waterborne challenge of rainbow trout, MT 239 was detectable by IFAT in the kidney tissues of nearly a third of the fish after 100 d. The diagnostic antiserum used had been raised against JD24 cells, and predominantly detects the p57 antigen. The positive IFAT results for fish infected with the non-autoagglutinating strain suggest that the MT 239 cells were producing the major surface antigen in situ. tan 1991) . This pattern was evident in the immunoreactive material released from MT 239, and clearly distinguishes the protein from cross-reactive molecules, such as the 60 kDa heat shock protein identified by Wood et al. (1995) , which do not produce the breakdown products. Thus, the non-autoagglutinating strain MT 239 is in fact capable of producing the p57 major surface antigen in substantial quantities. The p57 antigen cannot be acid-water-extracted from cells of MT 239, which suggests either that it is very tightly bound, or that it fails to remain in association with the bacterial cell surface. The latter explanation seems the more likely in view of the inability of this strain to autoagglutinate or haemagglutinate. Previously, it was recognised that water-extracted antigen can re-assemble on water-stripped cells to restore haemagglutination (Daly & Stevenson 1990) . However, the p57 collected from culture supernates of MT 239 failed to restore autoagglutination or haemagglutination to washed cells of JD24. A deficiency in the protein produced by MT 239 was considered the most likely explanation, as the surface of the MT 239 bacterial cell did support re-assembly with p57 from JD24.
Biotin labelling demonstrated that a carbohydrate moiety CO-migrates with the p57 protein from JD24 in SDS-PAGE gels. In 2-dimensional PAGE gels, the biotin-labelled molecule and the p57 antigen ran to the same point, demonstrating that they shared a common isoelectric focusing point as well as a common size and suggesting that they are the same molecule. The finding that p57 contains a carbohydrate component is consistent with the data of Wood & Kaattari (1996) , who noted that proteinase-K-treated Renibacterium salmoninarum showed carbohydrate moieties on the surface of the cells. The p57 produced by MT 239 lacks the carbohydrate moiety, suggesting that the carbohydrate is involved in attachment to the bacterial cell surface. If the carbohydrate portion links p57 directly to the bacterial cell wall, smaller breakdown products of the p57 molecules could associate with the wall through hydrophobic interactions and thus create a proteinaceous coating. This model is supported by microscopic evidence as a capsule is evident in cryosections of JD24, as previously noted by Dubreuil et al. (1990a) . The capsule is lacking in the cryosections of MT 239, as would be expected if the p57 material is being released into the culture medium. If p57 does form such a capsule, this would explain the description by Fiedler & Draxl(1986) of a surface-associated carbohydrate surrounding R. salmoninarum, providing congruity between 2 ideas about the composition of the surface layer on renibacterial cells.
The major surface antigen of Renibacterium salmoninarurn is not stable in the supernatant media of cultures, with degradation evident over an 8 d period. Rockey et al. (1990) identified a renibacterial serine protease with a molecular weight of >l00 kDa which degraded the 57 kDa antigen, at an optimal reaction temperature of 37'C. Griffiths & Lynch (1991) and Barton et al. (1997) suggested that proteolytic activity is associated with p57 itself, explaining its tendency to degrade. The idea is attractive, as sequence analysis of the gene encoding p57 demonstrated regions that were slightly similar to protease active sites (Chien et al. 1992) . However, in the work reported here, the protease activity in culture supernatants of MT 239 was markedly reduced compared to that of JD24, even though the amounts of p57 secreted from both strains was similar (Fig. 5) . During in vitro growth, the production of proteolytic activity was predominantly late, a characteristic of secondary metabolites such as extracellular enzymes. The proteolytic activity did not increase directly in relation to p57 in the medium, suggesting 2 physically separate molecules. The possible contribution of the proteolytic activities to in vivo regulation of pathogenesis is still unknown.
Wood & Kaattari (1996) used the autogenous proteolytic activity of Renibacterium salmoninarum to remove p57 from the surface of formalin-fixed cells to be used in fish immunisation. This resulted in enhanced antibody titres against the bacterium, and the increase was attributed to antibodies reacting with carbohydrate moieties. Interestingly, in the present study, the 'naturally' stripped cells of MT 239 were more effective than JD24 in inducing seroconversion of fish. The ready release of p57 from the surface of MT 239 could uncover other surface antigens, thus explaining the low reactivity of serum from MT 239-infected fish when it was tested against p57 antigen and JD24 cells. Brown et al. (1996) suggested that other antigens might have been involved in eliciting some degree of vaccination-induced protection in coho salmon, despite p57-induced immunosupression. The production and release of p57 from MT 239 cells growing in vivoprovide a useful system for examining the various roles of p57 and renibacterial cells during pathogenesis and fish immune responses.
MT 239 is a naturally attenuated strain of Renibacterium salmoninarum which may have been rendered avirulent by the inability of its major surface antigen to associate with the bacterial cell surface. Presumably it is the close association of the p57 protein with the surface of autoagglutinating strains which causes their consistently higher virulence and not the production of the protein, otherwise virulence of the 2 strains we examined would have been similar. The current study suggests that the association of p57 with the bacterium is at least as significant as production of the protein.
